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Background: To determine the relationship between clinically significant tooth size discrepancies (TSD) and ar-
chform classification in orthodontic patients. 
Material and Methods: Two hundred and forty consecutive sets of pre-treatment orthodontic study models were 
scanned and landmarked. All models had permanent teeth erupted from first molar to first molar in both arches. 
Sixty sets of images were classified into two groups of 30 according to the presence (group 1) or absence (group 
2) of a clinically significant overall or anterior TSD (>2 SD from Bolton’s original means).  Mean upper and lower 
archforms were created for each group using a fourth degree polynomial curve. Upper and lower archforms in each 
group were classified as square, tapering or ovoid; their distribution was analysed using the Fisher test with a 5% 
level of significance. To evaluate the intra-operator error when determining archform type, the 60 archforms were 
re-classified by the same operator two weeks later. The unweighted Kappa statistic at 95% confidence intervals was 
used to determine the similarity of the classification on the two occasions.  
Results: Reproducibility of the classification of archform was very good (unweighted Kappa statistic of 0.83 with 
a 95% confidence interval of 0.73, 0.93). There was no statistically significant difference in the distribution of ar-
chform type between group 1 and group 2 for the upper (p=0.3305) or lower (p=0.6310) arches. 
Conclusions: The presence of a clinically significant TSD and archform classification do not appear to be related.
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Introduction
A tooth size discrepancy (TSD) exists when the maxi-
llary and mandibular teeth are not in proportion with 
each other (1). Anterior TSDs involve the six anterior 
teeth whereas overall TSDs relate to all teeth excluding 
second permanent and third molars. Both anterior and 
overall TSDs are relatively common in patients under-
going orthodontic treatment with a prevalence of 4-11% 
(2-5) and 17-38% (2,4,6-8), respectively. TSDs may be 
influenced by malocclusion type, gender or race (9).
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The pre-treatment archform is important in orthodontic 
treatment planning (10). Determined by genetic and en-
vironmental factors, it is modulated through the skeletal 
base and soft tissues (11). Alteration in archform during 
treatment is generally regarded as potentially unstable 
(12) and where this occurs, the changes should be asses-
sed and quantified (13). 
The most common method of assessing a TSD involves 
the measurement of the mesio-distal widths of teeth using 
either calipers (1) or computer software packages (14) 
with the latter having the advantage of automatic calcula-
tion of tooth size ratios. Measurements made from digital 
study models have been found to be an appropriate alter-
native to those derived from plaster models (15).
Many different descriptions of the dental archform have 
been proposed (16). These include the Bonwill-Hawley 
archform constructed around an equilateral triangle 
in which the mesio-distal width of the lower six ante-
rior teeth form the arc of a circle, Black’s semi-ellipse, 
Angle’s parabolic curve, the catenary curve and the Bra-
der tapered catenary curve. The development of mor-
phometrics and the use of computer modeling have led 
to a variety of attempts to describe the form of the den-
tal arch (17) including the beta function, cubic spline, 
thin-plate spline, Bezier curves, Euclidean data analysis 
and polynomial functions (17,18). Because there is no 
general agreement on how best to describe archform, li-
mited epidemiological evidence exists with regards to 
the prevalence of differing archform types in relation to 
malocclusion, gender and race (16,19,20).
Tooth size exhibits a continuous range of variation with 
a strong inheritance pattern; the genetic contribution to 
mesiodistal and buccolingual crown diameters is over 
80% (21). Cassidy et al. (22) investigated the genetic 
influence on the dental archform in 320 adolescents 
from 155 sibships seeking orthodontic treatment, and 
found that arch size and arch shape (length-width ra-
tio) has a modest genetic component. The relationship 
between the dimensions of the anterior teeth and their 
respective archforms has only been assessed in one stu-
dy (23). Among 200 Greek subjects seeking orthodontic 
treatment, a statistically significant relationship between 
‘wide’ and ‘pointed’ maxillary archforms with smaller 
tooth sizes was identified but this was more marked in 
male subjects (23). Furthermore, a statistically signifi-
cant relationship between ‘flat’ maxillary archforms and 
smaller teeth was found in female subjects (23).Only, 
however tooth size, as opposed to TSD was assessed in 
that study (23). The relationship between TSD and ar-
chform has, therefore, not been evaluated as yet. 
The objective of this study was to determine the relation-
ship between a clinically significant TSD and archform 
in orthodontic patients.  The null hypothesis was no rela-
tionship exists between a clinically significant TSD and 
archform in a cohort of orthodontic patients. 
Material and Methods 
From a university orthodontic archive, 240 pre-treatment 
study models were selected using the following crite-
ria: all permanent teeth erupted in each quadrant (ex-
cept second and third molars), absence of marked ro-
tations, absence of gingival / periodontal problems, no 
factors precluding precise measurement of tooth widths 
(including fractured teeth and restorations), no retained 
primary teeth, no abnormal dental morphology and sub-
jects of the same ethnic background as determined from 
case records and no history of orthodontic treatment. 
These models comprised the first 60 sets of each ma-
locclusion group (Class I, Class II division 1, Class II 
division 2 and Class III) with 30 males and 30 females 
in each group (24). Following scanning with an R250 
Orthodontic Study Model Scanner (3Shape A/S, Copen-
hagen, Denmark), OrthoAnalyzerTM (3Shape A/S, Co-
penhagen, Denmark) was used to evaluate the resulting 
digital images. Although the Declaration of Helsinki 
principles were followed, research ethics committee was 
not required as the digital models were not identifiable. 
One assessor landmarked the maximal widths at the me-
sial and distal contacts of all teeth (excluding second and 
third molars) from the occlusal aspect as per Horton et 
al. (25). Bolton tooth size ratios (overall and anterior) 
(1) were then automatically calculated.  A clinically sig-
nificant TSD was deemed to exist where a Bolton ratio 
was more than two standard deviations from the mean 
(1). Two groups with 30 subjects in each were identified; 
group 1 consisted of images where a significant TSD 
was present and group 2 where this was absent.
-Mean archform 
A set of fiducial horizontal and perpendicular lines were 
recorded on each image in OrthoAnalyzerTM to allow 
subsequent re-sizing as necessary. The images were then 
exported as Paint images (Microsoft, Redmond, Califor-
nia). The following points were recorded on each ima-
ge as per Felton et al. (13) and Noorozi et al. (26): the 
mesio-buccal cusp tips of first molars, the buccal cusp 
tips of premolars, cusp tips of canines and mid-incisal 
edge points. The contact between the upper and lower 
central incisors was used as the x,y zero co-ordinate to 
allow consistent superimposition of the images (13). 
The contacts between the first molars and second pre-
molars and between second and first premolars were 
then recorded for each image. These points were used 
to draw two horizontal lines between the corresponding 
contacts on the right and left of each image. A mean of 
these two lines was then used as the horizontal reference 
line to allow consistent orientation of the archform. The 
x and y coordinates for each landmark were then identi-
fied and recorded using Mathlab and then imported into 
Excel (Microsoft, Redmond, California). A spreadsheet 
was compiled and formulae used to align the arches. 
The images were resized, oriented to the x,y axis and 
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then rotated before the mean of each landmark point was 
calculated.  A best fit 4th degree polynomial curve (the 
mean archform) (18) was created through these mean 
landmarks for upper and lower arches for both groups.
-Archform Type 
The archform images were then classified as square, ta-
pering or ovoid as previously described (20,26) using 
3M-Unitek archform templates (Monrovia, California) 
(27). This was done by superimposing the templates on 
the real size digital images of the study models using 
a best-fit approach to match the landmark points. The 
templates were superimposed on the anterior eight con-
tacts from first premolar to first premolar as per Kook 
et al. (20). 
-Statistical analysis
To assess intra-observer reliability of landmark identifi-
cation a 10% random sample of the digital images were 
re-landmarked six weeks after the initial assessment 
and differences evaluated using 2-way ANOVA (28). 
To evaluate the intra-operator error for determining ar-
chform type, the 60 archforms were re-classified by the 
same operator two weeks later. The unweighted Kappa 
statistic at 95% confidence intervals was used to deter-
mine the similarity of the classification on the two occa-
sions. The distribution of archform type in each group 
for either arch was analyzed using the Fisher test with a 
5% level of significance.
Results
-Reliability
There were no statistically significant errors associated 
with the measurement of overall tooth size ratios [mean 
difference=0.004 (SD=0.011)] or anterior tooth size ra-
tios [mean difference=0.0001 (SD=0.014)]. Reproduci-
bility of the classification of archform was very good 
(unweighted Kappa statistic of 0.83 with a 95% confi-
dence interval of 0.73, 0.93). 
-Mean archform 
The mean upper and lower archforms for Group 1 and 
Group 2 are shown in figure 1; with no observable diffe-
rences between the two groups.
-Archform Type
There were no statistically significant differences in the 
distribution of archform type between the groups for the 
upper (p=0.3305) or lower (p=0.6310) arches (Table 1). 
Therefore the null hypothesis was supported. The most 
common archform type found in the upper arch in both 
groups was tapering. In the lower arch, there was an in-
crease in the number of ovoid archforms when compa-
red to the upper archform groups.
Discussion
We found that a clinically significant (overall or ante-
rior) TSD was not associated with type and prevalence 
of archform in this sample of orthodontic patients. As no 
Fig. 1. a) The mean upper archform* generated for Group 1 and 
Group 2†. b) The mean lower archform* generated for Group 1 and 
Group 2†  *The 0,0 point on the x,y axis represents the contact of the 
central incisors. The x and y axes are measured in millimeters with 
each line indicating 10 mm along the axis. † Green line represents 
Group 1 (absence of a clinically significant TSD) and red line repre-
sents Group 2 (presence of a clinically significant TSD).
other study has assessed the relationship between TSD 
and archform in orthodontic patients, it is not clear if this 
may exist in other population groups. Only Haralabakis 
et al. (23) has to date found any relationship between 
tooth dimensions and arch dimensions in their sample of 
200 Greek subjects referred for orthodontic treatment. 
Two other non-orthodontic investigations have investi-
gated tooth size and arch dimensions (29,30). In their 
study of 66 mixed subjects (referred patients, undergra-
duate dental students and dentists), Ng et al. (29) found 
that arch length and circumference were marginally lar-
ger in subjects with impacted third molars, particularly 
in females, although the size of the impacted third molar 
was not related to the arch dimensions. Sellen et al. (30) 
investigated denture tooth selection and found that the-
re was an insignificant correlation between facial shape, 
tooth form and archform in 50 dentate undergraduate 
students. Neither found a relationship between tooth size 
and arch dimensions and our results are in accordance 
with these. 
Confounders in our study may have arisen from sample 
heterogeneity. Although similar case types have been 
a
b
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Upper Arches Lower Arches
Group 1 Group 2 Group 1 Group 2
SQUARE 0 2 0 2
TAPERING 24 20 19 18
OVOID 6 8 11 10
p=0.3305 p=0.6310
Table 1. Distribution of archform type in Group 1a and Group 2b.
a presence of a clinically significant TSD.
b absence of a clinically significant TSD.
used in other investigations of archform (18), severe ro-
tations may adversely affect landmark identification and 
archform classification.  This investigation only assessed 
patients referred for orthodontic treatment; only on rare 
occasions are patients referred for treatment to address 
a TSD and this contribution to bias would be expected 
to be minimal.
Digital models have not been used to assess archform 
but are a reliable means of evaluating tooth size (15,28). 
The polynomial function has been shown to represent 
three generic archform classification types (square, tape-
ring and ovoid) (20,26,27) and subjective classification 
of archform has been shown to be highly reliable (26). 
Using this methodology, the present study confirms the 
reproducibility of archform classification using digital 
models. Other studies have used the cusp tips of pre-
molars and molars (13,16) and landmarks taken from 
the vestibular surface of the teeth (19) whist the use of 
the maximal widths at the mesial and distal contacts was 
found to be reliable in our investigation.   
With regard to the upper arch, the tapering archform 
was the most common type in both groups whereas the 
prevalence of ovoid archforms was greater in the lower. 
Whilst a relationship between tooth size and archform 
was not found to exist in this study, clinicians should 
determine the archform type to be used throughout 
treatment rather than adjusting the archform when rea-
ching the working archwire stage (13). 
The present study found the presence of a clinically sig-
nificant TSD and archform classification do not appear 
to be related.
References
1. Bolton WA. Disharmony in tooth size and its relation to the analysis 
and treatment of malocclusion. Angle Orthod. 1958;28:113-30.
2. Santoro M, Ayoub ME, Pardi VA, Cangialosi TJ. Mesiodistal crown 
dimensions and tooth size discrepancy of the permanent dentition of 
Dominican Americans. Angle Orthod. 2000;70:303-7.
3. Endo T, Abe R, Kuroki H, Oka K, Shimooka S. Tooth size discre-
pancies among different malocclusions in a Japanese orthodontic po-
pulation. Angle Orthod. 2007;78:994-9.
4. Othman S, Harradine N. Tooth size discrepancies in an orthodontic 
population. Angle Orthod. 2007;77:668-74.
5. Strujić M, Anić-Milosević S, Mestrović S, Slaj M. Tooth size dis-
crepancy in orthodontic patients among different malocclusion groups. 
Eur J Orthod. 2009;31:584-9.
6. Crosby DR, Alexander CG. The occurrence of tooth size discrepan-
cies among different malocclusion groups. Am J Orthod Dentofacial 
Orthop. 1989;95:457-61.
7. Freeman JE, Maskeroni AJ, Lorton L. Frequency of Bolton tooth-
size discrepancies among orthodontic patients. Am J Orthod Dentofa-
cial Orthop. 1996;110:24-7.
8. Araujo E, Souki M. Bolton anterior tooth size discrepancies among 
different malocclusion groups. Angle Orthod. 2003;73:307-13.
9. Othman SA, Harradine NW. Tooth-size discrepancy and Bolton’s 
ratios: a literature review. J Orthod. 2006;33:45-51.
10. Mutinelli S, Manfredi M, Cozzani M. A mathematic-geometric 
model to calculate variation in mandibular arch form. Eur J Orthod. 
2000;22:113-25.
11. Isaacson JR, Isaacson RJ, Speidel TM, Worms FW. Extreme varia-
tion in vertical facial growth and associated variation in skeletal and 
dental relations. Angle Orthod. 1971;41:219-29.
12. Vanarsdall RL Jr. Transverse dimension and long-term stability. 
Semin Orthod. 1999;5:171-80.
13. Felton JM, Sinclair PM, Jones DL, Alexander RG. A computerized 
analysis of the shape and stability of mandibular arch form. Am J Or-
thod Dentofac ial Orthop. 1987;92:478-83.
14. Watanabe-Kanno GA, Abrão J, Junior HM, Sánchez-Ayala A, 
Lagravère MO. Determination of tooth-size discrepancy and Bolton 
ratios using Bibliocast Cécile3 digital models. Int Orthod. 2010;8:215-
26.
15. Stevens DR, Flores-Mir C, Nebbe B, Raboud DW, Heo G, Major 
PW. Validity, reliability, and reproducibility of plaster vs digital stu-
dy models: comparison of peer assessment rating and Bolton analysis 
and their constituent measurements. Am J Orthod Dentofacial Orthop. 
2006.129:794-803.
16. Braun S, Hnat WP, Fender DE, Legan HL. The form of the human 
dental arch. Angle Orthod. 1998;68:29-36.
17. Triviño T, Siqueira DF, Scanavini MA. A new concept of mandibu-
lar dental arch forms with normal occlusion. Am J Orthod Dentofacial 
Orthop. 2008;133:e15-22.
18. Arai K, Will LA. Subjective classification and objective analysis of 
the mandibular dental-arch form of orthodontic patients. Am J Orthod 
Dentofacial Orthop. 2011;139:e315-21.
19. Nojima K, McLaughlin RP, Isshiki Y, Sinclair PM. A comparative 
study of Caucasian and Japanese mandibular clinical arch forms. An-
gle Orthod. 2001;71:195-200.
20. Kook YA, Nojima K, Moon HB, McLaughlin RP, Sinclair PM. 
Comparison of arch forms between Korean and North American white 
populations. Am J Orthod Dentofacial Orthop. 2004;126:680-6.
21. Dempsey PJ, Townsend GC. Genetic and environmental contribu-
tions to variation in human tooth size. Heredity (Edinb). 2001;86:685-
93.
22. Cassidy KM, Harris EF, Tolley EA, Keim RG. Genetic influence on 
dental arch form in orthodontic patients. Angle Orthod. 1998;68:445-54.
23. Haralabakis NB, Sifakakis I, Papagrigorakis M, Papadakis G. The 
correlation of sexual dimorphism in tooth size and arch form. World J 
Orthod. 2006;7:254-60.
24. Soh J, Sandham A, Chan YH. Occlusal status in Asian male adults: 
prevalence and ethnic variation. Angle Orthod. 2005;75:814-20.
J Clin Exp Dent. 2015;7(2):e268-72.                                                                                                                                                      Tooth size discrepancy and archform relationship
e272
25. Horton MH, Miller JR, Gaillard PR, Larson BE. Technique com-
parison for efficient orthodontic tooth measurements using digital mo-
dels. Angle Orthod. 2010;80:254-61.
26. Noroozi H, Nik TH, Saeeda R. The dental arch form revisited. 
Angle Orthod. 2001;71:386-9.
27. Bayome M, Sameshima GT, Kim Y, Nojima K, Baek SH, Kook 
YA. Comparison of arch forms between Egyptian and North American 
white populations. Am J Orthod Dentofacial Orthop. 2011;139:e245-
52.
28. O’Mahony G, Millett DT, Barry MK, McIntyre GT, Cronin MS. 
Tooth size discrepancies in Irish orthodontic patients among different 
malocclusion groups. Angle Orthod. 2011;81:130-3.
29. Ng F, Burns M, Kerr WJ. The impacted lower third molar and its 
relationship to tooth size and arch form. Eur J Orthod. 1986;8:254-8.
30. Sellen PN, Jagger DC, Harrison A. Computer-generated study of 
the correlation between tooth, face, arch forms, and palatal contour. J 
Prosthet Dent. 1998;80:163-8.
